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(54) ELECnuCAL SIGNAL INITIATING KEYBOARDS

(71) We, THE POST OFFIO?, a

firitiBh body coiporate established fay STatutt,.

of 23 Howland Streei^ London, WIP 6HQ,
do hereby declare the.invention, for which we

5 piay that a panazi may be granted to os^ and
the method by whidi it is id be perfonned, to

be panicuiaxiy described in and by die follow-

iag statcnicnti—

*

This invcndon relat3e$ to electrical agnal

10 initiating keyboards and more particulariy» but

noi ezdnsivcly, to telephone instrument pusb-

button keybouids.

Telephone instrumentB cutiesdy in toe cm*
ploy the familiar dial unit as a means for

15 genexadng a train a$ electrical impulses tcpt^
senting ibe number of the subsonbex being

called. The dial unit ba$ proved generally

satkfactory and rdatiTdy ciieap for this pur-

pose, but being purdy medianical in operation

20 can suffer from wear after long vac The
operatioii of the dial can be somevrfaat tiring

to the caller \rhca many cdU ate to be made»
particularly as trunk calls generally xcqnire ten

dial movcmentB per call.

25 Electrical sigaal initiating keyboards In the

fosm of push-button keyboards are used in

tdephone mstrumeots as an alternative to the

dial imit for initiating a descmadon coded
signal. The agnal produced by a pusb-faocton

10 k^oatd is not neoessarfly transmitted as a
train oi decodcal unpuhes as for the dial umt
Prior art pusfa-button keyboards have proved
preferable to the dial unit so far as ease of use

by the caller is concerned but have nevenhe-
35 less proved unsatisfactory in other respects.

For example, push-button keyboards using
moving electrical contacts have been found to

incur a fault liability, particularly when
operated in low impedance drcuits. Pusb-

40 button keyboards uulismg a discrete electronic

device for each button (for example, piezo-

electric crystals or Hall effect devices) have
been proposed but arc generally more expen-

sive than die familiar dial imit.

45 It is an object of the invention to provide

an improved electrical signal initiating k^

The present invention prcyvides an dectrical

dgnal snitiatitig keyboard induding:

a number oz motion transmitting dements;

'a layer of resillently deformable insulating

foam material having at one face thereof a

plurali^ of dectrically conducdve tracks de-

fined by conductive particles and sq>arated by

non-conductive areas of the foam; and

a i^urality of terminals connected to asso-

dated ones of the tracks the arrangement bemg

siidi Aot each motioa transmitting dement is

opetaHe to deform a respective area of the

foam material to thereby cjiaoge the resistance

between Terminals associated with that par-

ticular area.

Pxcfeiably, the insulating foam material is

a polyedier polyuredmne foam with condtu-

rive trades formed by graphite panides therdn*

The modon transmitting elements can be

push-buttons manually operable to compress

the foam material against a rigid plate.

By way of exan^le on]y> two ilhiEtrative

embodimems of the invcation will now be

described with reference to the accompanying

drawingis, of which:—
Figure 1 shows a plan view a varirae

resistance dement employed m the embodi-

ments;

Figure 2 shows an "exploded" view, pardy

is sccdon, of a first dectrical signal initiating

ke^ard embodymg the hivention;

' Figure 3 shows a cross-sectional view

tfan^h pan of keyboard of Figure 2;

Figure 4 shows an "exploded" view, partly

hi section* of a second dectrical rignal initiat-

mg keyboard embodymg the mvention;

Figure. 5 shows a cross-secdonal view

thnn^ part of the keyboard of Figure 4;

I Figure 6 illustrates the electrical operarim

of the keyboards;

Figure 7 shows an approximate equivalent

drcuit for the keyboards;

Figure 8 shows one way of combinmg the

outputs of the keyboards; and
Figures 9A and 9B show how resistance

chamcteristics can be modified by the use of

additives.
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It should be noted dm in the interests of

dariiy the dmwxngs have been simplified and

leianve dimeasinns exaggerated in places.

Rdernag Jo Figiae U & Rsiliently defonn*

5 able variable resistanoe element employed in

boA cbe embodiments comprises a piece of in*

9uladn£ foam 1 with oooductlve ttacfcs 2
^pliea o one sux&ce ihcieol The foam 1 is

a polyether polyurediane foam appxxixlmately

10 i indies by 4 incbes and 0.4 inches thid:: The
foam has a fine cell structure^ an example of

a suitable foam being ^^ajfoam Polyether

135" (damy 22 kg/M') manufactured by
Kay-Metzder Ltd.| or Qi^izc. The conduc-

ts dve tzadcs 2 axe applied in the panem shown
hy screen printing or by nse of a contoured

roller and comprise graphite partides. A
suitable material for forming the condxictive

trades 2 is that known by the registered Trade
20 Marf: "AQUADAG" and of the grade having

an 18% solids content. To ensure that the

graphite partides bond firmly to cbe foam and
to unprove the ziicological properties of the

AQUADAG during ajiplicatton certain addl-

25 lives axe preferaWy mixed wiiii the AQUA-
DAG before iis application. For emt^pie, rjp

to j% of 50—60% scrength vinyl acetate^

vinyl versatate copolymer (sudi as that sold

by Vinyl Products under the trade name
30 'Tinapdl 1070") can be added to improve

bonding. Sodium alginate is a suitable

material for tfaidxning the AQUADAG m
modify its xheological properdes so that exoes-

sive lateral diffusion does not occur during the^ printing procesSi The use of sodium algmate
can also decrease the oomact resistance of cbe

conductive trades 2 and the use of 1 parr of a

2% aqueous sodium alginaie sohttton (nxe-

soTed widi fonnaldehyde) m 3 pans AQUA-
40 DAG was found sucoe^fm in this respect (dus

conceniratioa represented approsimatdy 0.5%
sodium alginate dry weight). It was also

found that the propeny of sodium alginate

to decrease contaa resistance could itsdf be
45 modified by use of a gelling agent For 'ex<*

ampl^ the nnroduction of 03*^1005 by the

use of CaQs and compensated by the addition

of BDTANas (a sequestering agent) produced
a high contaa resistance at low pressure and

50 theidiy boeased the range of resistance varia-

don smoe the contaa resistance at large pres*

sure was snbstantialiy undianged. Alternative

materials for modifymg the contaa resistance

properties of the conducdve trades 2 are di-

55 metb>i su]|rfiozide (DMSO) at about

5—15%, cetrimide at about 1%, bcnz-

alkonlum chloride^ cetyl nimethyl ammonhim
bromide and a liquid anionic detergent based

on mixed sodium allcyl sulphates of long chain

60 alcohols such as TEEPOL (RTM).
Figure 9A comprises a graph showmg die

effea of various additives on surface resist-

ance and Figure 9B Is a stmHar graph rdat-

ittg o bulk resistsnoe. Bach gxwh shows
65 deven curves» a to g indusive» and me various

addfdves represented by these curves are set

outbdow: •

Curve a — Vbapol vinyl acemte-versatate

copolymer in the conoeniratiQn given above

Curve b— as for curve a but widi the tddi- 70
rive of sodhim alginate ta the concentrarioa

given above
Cinve c — as for curve b but with the addi*

don of a trace of benzalkonium chloride

Ctnve d— as for curve b but with the addi« 75
tion of ceiy] ttimediyl ammoaium bromide

Cun^e c —' as for curve b but wiifr the addi-

rion of TEEPOL
Curve f — as for curve a but widi the addi-

tion of a trace of benzalkonium
,
diloride gQ

Qove g— as for curve a but with the addi>

rionof 15%DJSIS0
Curve h — as for curve a but with the addi-

tion of 5% DAASO
Curve i — as for curve a but with the addi* 55

ti<m of 5% DMSO and of cexyi trimediyl

ammonium bromide

Curre i — 5% DMSO
Curve g 15% DMSO

There is no resistance value shown far zero 90
appfied force (light contaa) for curves, b, c^

dy ^ f, and g of Figure 9A a spacer was
used to ensure very high resistance at zero

appfa'ed force.
'

The foOowhig pouits are notaUe: 95

(i) Cuire a shows, only a small change in

bulk resistanoe hi comjiarison with the change
in surface resistance with applied force.

(ii) Curve b illustrates diat resistanoe is in-

crrased by the use of sodium alginate. IQO
(iiij) Curves c and f show that the effea of

benza&onium chloride is to bring about an
increase m the change of reststsnoe widi ap»
plied foiccy particularly so for bulk resisnmce;

(iv) Curve e diows diat TEEPOL cxens a 105
shnuar cffea to benzaltorium chloride.

(v) Curve h shows an increased resistanoe

at zero a^iplled force but without com-
mensurate increase m resistance when force

Is appUed, there is an increased range of bulk 1 10
resistance change.

Referring now to IHgures 2 and a key-

board for use in a teiephoiK instrument com-
prises twelve depressible keys or buttons 3
arran^ in a matrfac of 4 rows of 3 ke^-s. Each i J5
key IS suitably insaibed with an alpha-

numeric symbol or legend (not shown). Ten
of the keys are used to signal the digits 0 to 9
for a telephone number code and the remain-

ing two keys are used for auxihaiy purposes^ 120
for exaim>le^ *'q)edal fadUties" and ^'service

faciliues *

The ke)^ 3 are located on an upper plate 4
which is a onepiece moulding of a rigid

plastics macrials of a generally fat forai. 125
Each key 3 respecdvdy comprises a peg 5
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projecting dmmgh a hole in the nlate 4 with

a flange portion 6 at its lower eno. The other

end of the peg 5 is xcoemd in a cap 8, the cap

eidier being a ti^ posh fit on the peg or

being zetaimd by adnesive. Each peg 5 is a

sliding fit in iis respective hole and, if desired,

a hehcal compression spring 9 acung against

the top of the plate 4 and the underside of the

cap 8 and positioned about die peg can be
induded in the key assembly. Such springs

are not stxicdy necessary smce their funcdon

(CO bias the keys in an up position) can be

accomplished by the resilifincy of die foam 1

without funher aid*

A set of ctDss-members^ such as reference

10| and a perq)heral member 11 are provided

to ensure the rigidity of the piate 4.

Positioned beneatli the plate 4 is the in-

suiatmg foam 1 whh its oonducdve trads 2
positioned downwardly. Connecdons fnot

ehown in Figort 2} are made to die conouo-

nve tracks by staplmg, eyeletting or by use of

a conducdve cement
An insuladog spacer 12 is positioned be-

neath the foam 1 and comprises a piece of

pdythene fibn in the range O.O06 to 0.020

mches thick widi twdve holes 13 eadi under-

lying a respective key 3. Foam material can

be used as an ahernative to fihn and othos

types of polymer can be used. As another

aiteinadve, paper can be used It is, however>

l»Gfened that the thodcness of die ^cer 12
should be greater than 0.002 xncfaes and less

than 0.150 hicbes.

A layer of candicting materia] 14 t0 wfaidi

a oonnecdon is made (not shown in Figure 2)
is poshiooed beneadi die spacer 12. The oon*

ducting roatanel 14 can be carbon-loaded

paMXt metallised polymer foil or, less desir-

ably, tin-oxide coated g}ass. If the conducting

material comprises a conducting layer on an

hxsuladng layer, rather than beina a boxno-

geneous conductor, it is placed coaaucdve dde
up. A pidc-off connecacRi of the conducting

material 14 is made by stapling, eydetdng or

die use of a conducdve cement
A base-plais 15 of rigid plasdcs material

is positioned beneath the material 14. Assem*

tdy of the various pans of the keyboard can

CGDvenieody be adueved by use of an in-

sulating adhesive.

The electrical operadon of die keyboard

will be discussed later.

Kefetring now to Figures 4 and 5, a second

form of Keyboard for use in a telephone in-

strument is illustrated. The similarity of this

second keyboard to the first keyboaid is imr

mediately apparent and ±erefore description

will be con&ied to pointing out the difference

between the two keyboards.

In the second keyboard, the keys 3 foxm an

intq^ part of the jplate 4 which is of a
resikent plasdcs matenaL The crossHDiembers

10 and peripheral member 11 impart stifbess

to the plate 4 and divide it into twelve areas.

each area oontaming a key 3. It is thus pos-

sible to depress any one of die keys agamst the

redliency ci the plate 4 widi ne^lsle move-

ment of the other kCTS.

. The oonducdve layer 14 (conducdng side 70
down if a oonductor/uisulator laminate is

used) is positioned beneadi the ^ce 4 and

the xemainittg omiponents are posidoned in

die order, q»oer 12 foam material 1 (conduc-

tive trad» uppermost) and plate 15. In this 75
embodiment the layer 14 has to resist dxstor-

don due to cydic distorrion and is therefore

preferably omsiiucted from a polymeric

material.

.

The two embodhnents dxlfer only in mech- 80
ftTii«l operadon, their electrical operation is

esseadaliy die same. Referring to Figure 6, it

will be seen that a respective temun^ is con-

nected m each ccmducdve track 2 and these

terminals are referenced A, B, C etc up to 0. 65

£adi conducdve track makes contaa when an

associated toey is dq»essed with conducdve

material 14 through a hole 13 and dus feature

is illuBtrated by the batdied drdes in Figure

6. The conducdve tracks connected m ter* 90
mmals A, B, Q D, F, G, H, I, L, M, N, O
each overlie one hde 13 whoeas die conduo

dve trades connected to terminals £, J, K»

each overlie four holes 13. Each of the hatched

drdes in Figure 6 corresponds^ cd course, to 95

a respecdve key and this feature is iUustraied

by miirfnng die drdes with respecdve symbols

1, 2, 3, 4, 5, 6, 7, 8, 9, 0, X and .Y. Depress

don of the key bearing the number 1, for cat*

amplea cause compiesdon of the pan of die JOO
foam on which the conductive tracks connected

to terminals D and E are posidoned. Com-
pression of die foam by an overiying key

results in the conducdve tracks underlying the

key behig brought into contact with die con- IQS
ducdve byer 14. The resistance on contact

decreases with increased pressure on the key

and in an experunemal keyboard was found

to be.lOO k for 40 Z, 50 k for 80 Z and 15 k

for 16 OZ. The spacer ensures infinite resis- 110
tance when the key is underpressed. Thus, a

resistance drop is observed between terminal

D and layer 14i and between iP-rminal £ and

layer 14 when the key bcarmg the number *1'

is depressed. US
Figure 7 shows an ap^sdmate equivalent

drcuit for the keyboards. Terminal £, for

example, is shown connected to layer 14 by

four variable resistors in parallel^ each redsmr

conespondmg to one of the four possible con- 120

necdons <d the trade to layer 14 dvon^ hdes

13.

The resistance change with increased pres-

sure is bdleved to be due ahnost entirely to

chflnges in surface oonmct resistance and it is 125

believed that bulk resistance dianges are in-

significant so far as the overall effect is con-

cerned
Figure 8 shows one way of connecdng the

keyboards to provide a "2 out of 7'* coded uir 130
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dicanon of which key is d^iessed. Tenziinals

A» 6, O aie amunooly connected to e line

reference similady B, N; Q M; and
D» H> L axe coxmecied to A 7 and o tespe^-

5 lively,

Tenninals E» J and K respecrivcly coi-

nected to lines i^ v ^ ^
seen chat if, for examp]e> the bearing the

number 3' is depressed the resistance berffeen

10 lines 9 (connected to K) and 3 (connected to

L) and conductive layer 14 drops. Thus, if

different electrical signals are aj^Iied to the

lines a, y»K^i V tvro of these signals

will be communicated to the conductive layer

IS 14. The table below sets put the operation of

the keyboard connected aa shown in Figure 8.

Resistance
Key change

1

2 BC

3 5,

4 y <

5 y(
6 r 7

7 iSf

8 PC
9 Pv
0 aC
X a €

Y a 71

The keyboards are, of course, connected to
suitable interface equipment for use in generar-

20 ing dialling code pulses or frequencies.

Ic will be aj^redatcd that many modifica*-

dons to the described embodiments are pos-
siUe. For exasiple^ the ^acer plate 12 can
be omitted so mat there is flute resdstance

-25 associated with unactuated The use of
the additives mendoned caxlier helps ta ob-
tain a high range of values between *off* resis-

tance (lightly contacting) and 'on' resistance

(14 contacring under ftiger pressure).
30 If desired, each key can be arranged to aa

against a metal spring so that a snap-dctioii

and an audible "md^ Is obtained on depress-
ing the key.

The conductive layer 14 can be in the form
of an interconnected metallic pattern cones^

.
P^fl/iig to tbe holes 13 on an insulating laj;er.

It is a nouihle feature of the described on-
bodiments that expensive materials such as

gold are not required and that the ke^toards
have a much smaller fault liabilii}* than the 40
prior art moving contaa t>pe of keyboard.

WHAT WE CLAIM IS:—
L As electrical signal initiating keyboanl

mduding:

a rramber of motion transmitting elements; 45
a layer of tesiL'ently defonnable insulating

foam material having at one face thereof a
plurality of dectrically omducnve tracks de*

fined by conductive panicles and separated by
mm-conducrive areas of the foam; and 50
A plurality of termmals consecied to asso*

dated ones of the tracks the arrangement
being sudi that each monon transmitting

elemem is operable to defonn a rcspecdve

area of the mam material to thereby change 55
the resistance between terminals associated

with diat particular area,

2. A keyboard as daimed in datm 1 where-
m the motion transmittmg elements are pnsb-
buttoQs manually operable to compress the ^
foam material against a ri^'d plate.

3. A keyboard as claimed in daim 2 where-
in the push buttms form an integral part of a
plate of resQient plasncs materials.

4. A keyboard as dainoed in any preceding 65
daim incxudzng means to provide a snap-

action for the motion transmitdng elements.

5. A keyboard as daimed m any preoding
datm wherdn the foam comprises pol}tther

polyuretfaane foam. 70
6. A keyboard as daimed in any preceding

dann wherein the conduoive parrides com*
prise graphite panides.

7. A keyboard as daiioaed in datm 6 where-

in the candocdve panides comprise graphite 75
partides In assoaation with a resistance-

modffying addidve.

8. A keyboard as daimed in claim 7 where-
in the additive is sodium alginate, or dimethyl

sulphoside, or cecrhnide, or vin}'l acetate*ver- gQ
satate copolymer, or benzalkonium chloride, or
cetyl trimethyl ammonium bromide, or a
liqu'd anionic detergent based on nuxed
sodium alkyi sulphates of long chain alcohols.

9. A keyboard as daimed in any preading 55
daim wherein a layer of deccrical insulating

nxaterial having a plurah'rv of apertures there-

in is provided between the conductive trades

and a layer of dectrically conducting maieriai

and wherein the mouon transmitting dements 9Q
are opcrauve to press the conductive tracks

and conductive layer into contaa through the

said apertures.

10. A keyboard as claimed in daim 9 where-
in the motion transmitting elements act against 95
Che foam material.

11. A kejrboard as daimed in daim 9
wherem the motion transmitting dements aa
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against tte conducnve l&ya, citt said layer

bemg resilient.

An elecirical signal initiating keyboard

substantially as herein desaibed with rcfacoce

5 to and as illustrated by Figures 1> 2> S and 6
or by Figures 1| 4, 5 and 6 of ihe acoan-
panying drawings.

13. A tdq>hone instrument including a key-

board as daimed in any preceding daiou

ABEL & IMRAY,
CSianeted Patent Agents^

Horthumberland Hous^
303—306 High Holbom,
London, WC1V7LH.

Printed tor Her Majostys Stationery Office by tbe courier Press, LeamingtoiL Spa, 1975.
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